In most cases of environmental water analyses, a trace analyte must be separated from the matrix components to prevent their interference and must be highly concentrated to enhance the sensitivity. Of many separation methods proposed, some methods, aiming at no use of toxic material and downsizing of sample and waste, are promising for the direction of future separation technique from the aspect of environmental pollution.
SPE is superior to solvent extraction because of the use of a smaller volume of lower toxic solvent. SPE requires, however, a large volume of sample solution to obtain a higher enrichment factor. Some separation techniques of organic phase formation from a homogeneous aqueous solution proposed by Watanabe, 1 Igarashi 2,3 and Saitoh 4 seem to have high potential for downsizing a sample solution because they can attain high enrichment.
Previously we developed a preconcentration method using a membrane filter (MF), 5 a type of SPE. We applied this method to the preconcentration and the spectrophotometric determination of trace ammonia, 6 which is an indicator of environmental water pollution due to human activity. This method was based on the coloration of ammonia in a sample solution through the formation of Indothymol anion by the reaction of ammonia with thymol and hypochlorite. This was followed by the addition of Zephiramine (Zeph + ) as a counter ion, the collection of the Indothymol on the filter, the elution with N,N-dimethylformamide (DMF) and the measurement of the absorbance. In this study, the Indothymol formed was occluded in the suspension of the ion-associate phase of the thymol anion and Zeph + , and was retained on the membrane filter together with the suspension. Moreover, it was found that the suspension occluding the Indothymol became a very small oily drop by centrifugation.
Such phenomena strongly suggested the possibility of the extraction of the Indothymol in the small organic phase by centrifugation without filtration, and led to expectations of gaining a high concentration factor and consequently of downsizing the sample solution volume. The optimization of the proposed method for the determination of ammonia and its application to river water samples are described in this paper.
Experimental

Apparatus
A Hitachi (Tokyo, Japan) Model U-2001 double-beam spectrophotometer with quartz cells (2 mm light width, 1 cm light pass) was used for the measurements of absorption spectra and absorbance. Centrifugation was performed with Hitachi centrifuge SCT 5BB. The chromatographic system consisted of a Jasco PU-980 Intelligent HPLC pump and a manual Rheodyne 7725 injection valve equipped with a 20 µL loop. A Jasco MD-1515 Multiwavelength detector was linked to a data system (Jasco Borwin-NT) for data acquisition. ODS-column (Tosoh, ODS-80Ts, 4.6 mm i.d. × 25 cm) was used. Separation and color development were performed in polypropylene centrifuge tubes (15 mL, Asahi Techno Glass, Tokyo, Japan).
Reagents
A standard solution of ammonia-nitrogen, 100 mg L -1 , was prepared by dissolving 0.382 g of ammonium chloride (analytical grade, Wako, Osaka, Japan) in 1 L of water. Buffer solution of pH 10, was prepared by dissolving 5 g of sodium hydrogen carbonate and 8 g of sodium carbonate in 1 L of water. Sodium hypochlorite solutions, with 0.3% available chlorine, were prepared by dilution of sodium hypochlorite solution (reagent grade, Wako) with water. Thymol/acetone solution, with 10 w/v%, was prepared by dissolving thymol (analytical grade, 2-isopropyl-5-methylphenol, C10H14O, Wako) with acetone. Thymol/NaOH/acetone solution was prepared by mixing equal volumes of thymol/acetone solution and 0.9 M sodium hydroxide solution. Both solutions must be cooled in an ice-water bath before mixing.
Prepare just before use. Benzethonium chloride solution, 0.1 M, was prepared by dissolving 4.48 g of benzethonium chloride {benzyldimethyl(2-(2-(p-1,1,3,3-tetramethylbutylphenoxy)ethoxy)ethyl)ammonium chloride, C27H42NO2Cl} (extra pure grade, Tokyo Chemical Industry, Tokyo, Japan) in 100 mL of water. Zephiramine solution, 0.1 M, was prepared by dissolving 4.04 g of Zephiramine (benzyldimethyltetradecylammonium chloride dihydrate, C23H42NCl·2H2O) (analytical grade, Dojindo Lab., Kumamoto, Japan) in 100 mL of water. CDTA/NaOH solution, was prepared by dissolving 3.64 g of cyclohexane-1,2-diamine-N,N,N′,N′-tetraacetic acid (CDTA) monohydrate (C14H22N2O8·H2O) (analytical grade, Nacalai Tesque, Kyoto, Japan) and 1.6 g of sodium hydroxide in 100 mL of water. CDTA was purified by recrystallization as reported by Bond and Jones. 7 All other reagents were of analytical grade and were used as received. Doubly distilled water or freshly deionized water (Milli-Q II system, Millipore) was used throughout.
Procedure
Place 4 mL of sample solution containing less than 0.5 µg of ammonia-nitrogen (NH3-N) in a polypropylene centrifuge tube with a plastic screw cap. If necessary, neutralize the sample solution with sodium hydroxide or hydrochloric acid. Add 0.2 mL of CDTA/NaOH solution, 0.2 mL of buffer solution and 0.02 mL of sodium hypochlorite solution. About 20 s after the addition of sodium hypochlorite, add 0.25 mL of thymol/NaOH/acetone solution. Make up the solution to about 5 mL with water. After capping the tube, set aside it for more than 1 h at about 25˚C. Then add 0.2 mL of benzethonium chloride solution, mix and set aside for a few minutes. Centrifuge at 4500 rpm for 10 min. Discard the aqueous phase, leaving the ion-associate phase in the tube, and drain well by shaking off the tube or standing the tube upside down for 15 -30 min. Add 1 mL of DMF to dissolve the ion-associate phase. Measure the absorbance due to Indothymol at 675 nm against a reagent blank.
Results and Discussion
Optimum conditions for coloration of ammonia
The conditions of the coloration reaction of ammonia with thymol were similar to the previously reported conditions 6 modifying Roskam and Langen 8 and Hashitani and Yoshida. 9 The coloration of ammonia on site is strongly recommended to prevent any contamination from laboratory atmosphere. When the temperature of a sample solution is lower than 20˚C, the solution must be set aside for at least 1 h at 25˚C to complete the coloration before addition of the cationic surfactant.
Counter ion
The pKa for thymol was 10.5 (determined by spectrophotometry in this study under ionic strength 0.2), therefore the thymol anion (Thy -) is predominant under the pH range from 11.5 to 12, where Indothymol was formed. It was found that thymol anion forms liquid material in the presence of a suitable organic cation as a counter ion. Various organic cations were investigated for the quantitative retention of Indothymol. The results for some organic cations are shown in Fig. 1 . Tetraphenylphosphonium, benzyldimethylhexadecylammonium and hexadecylpyridinium ions did not give quantitative recovery of Indothymol anion (IT -). Benzyldimethyltetradecylammonium (Zeph + ) and benzethonium (Ben + ) ions gave satisfactory results. Ben + gave viscous oily liquid adhering at the bottom of the plastic tube, and the liquid did not go out of the tube when the tube was tipped to discard the aqueous phase. In the case of Zeph + , most of the organic phase formed on the wall of the tube, but a little part of the liquid phase was floating on the surface of the aqueous phase. So, care must be taken that the floating part does not go out of the tube, in the case of Zeph + . Therefore, Ben + was recommended for this study.
The process of the organic phase formation and extraction of Indothymol
When the solution of thymol was acidified, oily liquid was separated. The analysis of organic phase by HPLC showed that the molar ratio of Thy -to Ben + was ca. 2. This result suggested that the organic phase consists of equal moles of ion associate, Ben + ·Thy -and neutral thymol, HThy. Therefore, the process of steps in the formation of the organic phase and retention of ITwere supposed as follows.
First, Thy -reacts with Ben + to form an ion associate, Ben + ·Thy -. The ion associate aggregates to form an oily suspension in the solution including HThy. The centrifugation makes the suspension into a liquid organic phase. Centrifugation was necessary to separate the IAP in a short time. Centrifugation for 10 min at 4000 -4500 rpm (3000 -3800g) was sufficient to separate the phases and to obtain a quantitative recovery of Indothymol.
Solvent for dissolving the ion-associate phase
The volume of the organic phase formed was too small (ca. 30 µL) to measure the absorbance directly in a convenient optical cell so the phase was diluted to a volume with a suitable solvent, even though such dilution reduced the sensitivity. Some polar and lower toxic solvents were examined as the diluents. Acetonitrile gave lower absorbance and 2-propanol required a rather long time to dissolve the IAP. Suitable results were obtained with DMSO and DMF, though they gave 1% increasing of absorbance in 1 h.
Finally, DMF was recommended in this study because of the lower freezing point and lower viscosity. The absorption spectra of Indothymol in 698 ANALYTICAL SCIENCES JUNE 2002, VOL. 18 water and DMF are shown in Fig. 2 . Though the concentration of Indothymol in DMF is one-fifth that in water, the intensity of the absorbance in DMF is ca. triple. Clearly the sensitivity was more than ten times enhanced by 5-fold enrichment in DMF through the proposed method.
Precision
Relative standard deviations (n = 6) at different ammonianitrogen (NH3-N) levels were 6.5, 4.4, 2.4, 1.0 and 1.5% for 5, 25, 50, 75 and 100 µg L -1 , respectively. The detection limit, defined as three times the standard deviation of the blank, was 1 µg L -1 of NH3-N under 5-fold enrichment.
Effects of foreign substances
The effects of foreign substances on the determination of NH3-N were investigated. In our previous study, 6 copper at even 1 µg L -1 levels interfered with the formation of Indothymol; therefore, in this study, CDTA was added as a masking reagent. Sodium ion at 0.1 M, potassium ion at 800 mg L -1 , calcium ion at 100 mg L -1 and magnesium ion at 25 mg L -1 , which are major cations in river water, did not interfere. Chloride ion at 0.1 M and sulfate ion at 1000 mg L -1 , which are major anions in a river water, also did not interfere. Manganese(II), aluminum, nitrate and phosphate ions at 100 mg L -1 , nitrite ion at 50 mg L -1 and copper(II) ion at 16 mg L -1 did not interfere. Iron(III) ion at 2.5 mg L -1 did not interfere in the presence of CDTA. Table 1 shows the analytical results of NH3-N in river water samples and the results of recovery tests at different NH3-N levels. Ammonia is an intermediate of the redox in the environmental nitrogen cycle. In order to fix ammonia as Indothymol as soon as possible and to avoid contamination from laboratory atmosphere, the color development for river water samples was performed on-site, and the solution was kept at 25˚C for 1 h after return to the laboratory before addition of the benzethonium. The temperature control was effective to complete the color development for the samples whose color development had not been completed on-site due to a lower temperature.
Determination of ammonia-nitrogen in river water sample
Conclusion
It was found that a small oily liquid phase consisting of thymol anion and Ben + is an effective medium for the extraction of Indothymol formed from ammonia. More than 100-times enrichment was easily attained by this method before dilution with solvent to measure the absorbance. The extraction with such a small ion-associate medium suggested a high potential for designing analytical methods when downsizing is desirable. 
